We report a patient who presented with synchronous second primary human epidermal growth factor receptor (HER)-2-positive breast cancer and rectal cancer that both required simultaneous neoadjuvant therapy. A modified regimen combining anti-HER-2 monoclonal antibody trastuzumab with chemotherapy and external beam radiation was selected. An organ-preserving surgical procedure was possible both in the breast and the rectum. Citrulline decreased rapidly after the start of the treatment, and then gradually returned to pre-treatment levels after the completion of chemoradiation. Urinary neopterin concentrations exhibited a fluctuating course. Both serum neopterin and C-reactive protein concentrations were more or less stable during the initial administration of trastuzumab, paclitaxel and carboplatin and then increased steeply during chemoradiation and subsequently declined to pre-treatment levels during the weekly trastuzumab administration. Changes were observed in the serum retinol concentrations. A decline in lymphocyte counts was accompanied by marked changes in peripheral blood cell count-derived ratios. The present case report demonstrates a successful combination of two neoadjuvant regimens in a patient with two synchronous different second primary tumors. Data from this case also illustrate the use of biomarkers for monitoring of intensive therapeutic regimens in medical and radiation oncology.
Introduction
Primary (also called neoadjuvant or induction) systemic treatment currently represents the therapy of choice in locally advanced breast carcinoma, judged inoperable based on surgical or oncological considerations. In addition, neoadjuvant therapy (mostly chemotherapy) is often administered in patients with clinically operable breast carcinoma [1, 2] . The data from randomized clinical trials as well as a meta-analysis show that the neoadjuvant or adjuvant administration of chemotherapy results in similar survival outcomes [3] [4] [5] [6] . Neoadjuvant chemotherapy leads to a higher rate of breast saving surgery and, at the same time, allows for the evaluation of sensitivity of the tumor in an individual patient to a defined chemotherapy regimen [6] .
In the past decade, there has been a resurge of interest in cancer immunology [7] . The idea to harness the immune system for cancer cure is not new. The recent progress in the immunotherapy of tumors has coincided with the advent of targeted therapy [7] . One of the two fundamental approaches to design new drugs with targeted mechanism of action is the creation of monoclonal antibodies against tumor cell targets. While monoclonal antibodies were originally used in this setting solely to achieve selective inhibition of a defined molecular target, it later became evident that some monoclonal antibodies envisaged to block molecules associated with tumor growth and progression also exert antitumor activity through the activation of the immune system by antibody-dependent cell-mediated cytotoxicity [8, 9] .
Tumors in about 15% of patients with breast cancer are characterized by an over-expression of human epidermal growth factor receptor (HER)-2. The over-expression of HER-2 is associated with aggressive biological behavior, and, before the era of targeted therapy, the outcome of patients with HER-2-positive breast carcinoma was poor. The introduction of trastuzumab, a humanized monoclonal antibody against HER-2, has transformed the natural history of HER-2-positive breast carcinoma, and anti-HER-2 therapy is currently the standard component of treatment in the adjuvant, neoadjuvant or metastatic settings in these patients [10] .
Improved prognosis of cancer patients is accompanied by an increased incidence of second primary tumors. A synchronous presentation of two different primary tumors may present a challenge with regard to diverse systemic therapy regimens that may need to be administered simultaneously or sequentially. We report here a patient who presented with synchronous second primary HER-2-positive breast cancer and rectal cancer that both required neoadjuvant therapy.
Case description
A 44-year-old patient presented in January 2014 with a lump in the left breast. The patient had a history of rightsided breast cancer that was treated in December 2004 by lumpectomy and adjuvant chemotherapy (a total of six cycles of the combination of doxorubicin, cyclophosphamide and 5-fluorouracil), adjuvant radiation and hormonal therapy in 2005. A histological examination of the tumor in the left breast revealed hormone receptor-negative, HER-2 positive carcinoma. The family history was negative, and a molecular genetic analysis did not reveal mutations in the BRCA1 or BRCA2 genes. Laboratory examinations at the time of the presentation in January 2014 revealed anemia and an increased serum concentration of carcinoembryonic antigen (CEA) of 92.7 μg/L (reference range 0-4.7 μg/L). Because of the high prior cumulative dose of doxorubicin (300 mg/m 2 ) the treatment with the combination of trastuzumab, paclitaxel and carboplatin administered in a weekly regimen was planned. Before initiation of treatment, the clarification of the cause of anemia was warranted. A stenosing rectal tumor 8 cm from the anal verge was diagnosed in February 2014. The diagnosis of adenocarcinoma of the rectum was confirmed by a histological examination. Positron emission tomography/computed tomography (PET/CT) did not reveal any distant metastases, but because of the phenotype and clinical stage of the tumor in the left breast (T2N0M0) and the clinical stage of the rectal carcinoma (T3N0M0) neoadjuvant strategy was selected for both tumors, neoadjuvant systemic chemotherapy for the breast cancer and neoadjuvant chemoradiation for the rectal carcinoma.
However, in the present case the neoadjuvant strategy required important modification of the therapeutic regimen. Because of prior exposure to anthracyclines and left-sided location, anthracyclines could not be considered for the treatment of breast cancer. Most importantly, it was necessary to find a regimen that would have activity for both tumors. In March 2014 (starting on March 3) while the preparations and planning were done for radiotherapy the patient was treated with four weekly doses of trastuzumab (4 mg/kg loading dose, then 2 mg/kg), paclitaxel (90 mg/m 2 ) and carboplatin (area under the curve 2). With the start of external beam radiation (45 Gy in 25 fractions to the pelvis, boost to the tumor to the total dose of 50.4 Gy) from April 1, 2014, trastuzumab (2 mg/kg) was combined with weekly cisplatin (20 mg/m 2 ) and continuous infusion of 5-fluorouracil (200 mg/m 2 /day). After 1 week of the combined regimen, the therapy was complicated by grade 2 diarrhea. Continuous 5-fluorouracil was interrupted, and trastuzumab was solely administered on April 8 and April 16. After diarrhea was controlled by supportive measures including oral loperamide, the administration of the combined regimen of trastuzumab, cisplatin and 5-fluorouracil was continued until May 21 when the chemotherapy was terminated (1 week after the completion of radiotherapy). Weekly trastuzumab was continued subsequently until surgery. On July 29, 2014 the patient underwent quadrantectomy with sentinel node biopsy. A pathological examination of the surgical specimen revealed pathological complete response. No tumor was detected in the sentinel lymph node. Subsequently, on August 6, 2014 the patient underwent low resection of the rectum. The resection specimen exhibited marked regressive changes in the tumor with healing ulceration and small extent of the focal residual tumor nests. Ten lymph nodes were examined, all without evidence of tumor. The postoperative course was uneventful and the patient quickly returned to daily activities.
Postoperatively, adjuvant radiotherapy to the breast (50 Gy in 25 fractions) was administered together with brachytherapy boost to the tumor bed (12 Gy in a single fraction), and trastuzumab was continued for a total duration of 1 year as subcutaneous injection of 600 mg every 3 weeks. At the last control on September 27, 2017, 3.5 years after the initial diagnosis the patient was well and without evidence of disease. Anemia gradually improved, and hemoglobin concentration at the last control was 135 g/L.
The treatment course was reflected in the concentration of biomarkers that were determined as described earlier [11] [12] [13] [14] [15] . These biomarkers were determined in this patient as part of a research project approved by the Institutional Ethical Committee, and the patient signed informed consent. Citrulline decreased rapidly from a pre-treatment concentration of 38-15 μmol/L on March 31 and after temporary stabilization to a nadir of 12 μmol/L ( Figure 1A ). Citrulline concentrations gradually returned to pre-treatment levels after the completion of chemoradiation during the administration of weekly trastuzumab. Urinary neopterin concentrations exhibited a fluctuating course ( Figure 1B ). Both serum neopterin ( Figure 1C ) and C-reactive protein (CRP; Figure 1D ) concentrations were more or less stable during the initial administration of trastuzumab, paclitaxel and carboplatin and then increased steeply during chemoradiation to a marked peak in May 2014 that coincided with the last fractions of chemoradiation with a subsequent decline to pretreatment levels during the weekly trastuzumab administration. Serum kynurenine (Figure 2A ) increased, serum tryptophan decreased ( Figure 2B ) and the kynurenine/ tryptophan ratio ( Figure 2C ) increased during the course of therapy. At the time of peak neopterin or CRP levels and kynurenine/tryptophan ratio and nadir citrulline and tryptophan concentrations the patient complained about abdominal cramps, but had no other symptoms.
Serum retinol concentrations exhibited a fluctuating course with a decline during chemoradiation and subsequent recovery ( Figure 2D ). α-Tocopherol concentrations exhibited only mild fluctuations ( Figure 3A) , while serum 25-hydroxy vitamin D3 concentrations declined during chemoradiation with subsequent recovery ( Figure 3B ). The hemoglobin concentration was low throughout the course of treatment ( Figure 3C ) and a transfusion was necessary in July 2014 before the surgery. Ferritin and iron were also low throughout the course of treatment (data not shown), consistently with the diagnosis of iron deficiency anemia resulting from chronic blood loss. Concentrations of transferrin were within the normal range and soluble transferrin receptor levels were mildly elevated throughout the course of therapy (data not shown). The CEA concentration declined to normal levels (<4.7 μg/L) after the treatment.
The peripheral blood lymphocyte counts declined steeply during the initial weeks of the treatment and remained at low levels below or around 400 cells per μL subsequently ( Figure 3D ). The decrease of absolute lymphocyte counts was reflected in increasing neutrophil-to-lymphocyte ratio ( Figure 4A ) and decreasing lymphocyte-to-monocyte ratio ( Figure 4B ). The plateletto-lymphocyte ratio was stable during the administration of paclitaxel/carboplatin combination and subsequently increased steeply ( Figure 4C ). The systemic inflammatory index (systemic immune-inflammation index) [14] exhibited a similar course as the platelet-to-lymphocyte ratio ( Figure 4D ).
Discussion
The present case report demonstrates a successful use of a neoadjuvant regimen targeting two synchronous second primary tumors, HER-2-positive breast carcinoma and rectal carcinoma. Although second primary malignancies are common, synchronous presentation of two different primary tumors is a relatively rare event even for the most frequent malignancies like breast cancer or colorectal carcinoma. Therefore, case reports like the present one remain the only source of information on the management of patients with this rare presentation as it would not be possible to organize prospective trials.
Different biology of rectal carcinoma and HER-2-positive breast carcinoma is also reflected in different regimens used in the neoadjuvant setting [16, 17] . In fact, the standard neoadjuvant regimens for these two tumors have no common features. Furthermore, history of exposure to anthracycline excluded the possibility of using anthracyclines because of the risk of cardiac toxicity that would be further increased by the need for radiotherapy [18] . The present case report demonstrates how two seemingly disparate regimens of neoadjuvant therapy can be successfully combined. After a short introductory course of the combination of trastuzumab with paclitaxel and carboplatin, the chemotherapy backbone was switched to 5-fluouracil and cisplatin while continuing weekly trastuzumab administration. Paclitaxel and carboplatin are regarded as inactive agents in rectal carcinoma while both 5-fluorouracil and cisplatin have high activity in breast cancer [19, 20] . The standard regimen of chemoradiation consists of continuous 5-fluorouracil administration. Cisplatin was added here mainly to increase activity of the 5-fluorouracil plus trastuzumab combination against breast cancer.
A pathological complete response was obtained in the breast. The pathological complete response rate in HER-2-positive breast cancer is close to 50% [21] . Importantly, a pathological complete response is associated with an improved prognosis.
Laboratory medicine is currently playing an increasingly important role in the management of cancer patients [22] . The present report illustrates the utilization of biomarkers in monitoring the activation of the immune system and toxicity of the therapy. The systemic administration of anticancer therapy is almost always accompanied by side-effects because cytotoxic drugs damage not only tumor cells, but virtually any tissue with high mitotic activity. Effects on tissues with highest mitotic activity, i.e. bone marrow and gastrointestinal mucosa, are associated with the two most common adverse events accompanying the administration of cytotoxic chemotherapy [23] . While laboratory methods can determine peripheral blood cell count as continuous variables allowing for a graded assessment and differential response to the changes induced by the treatment, the assessment of gastrointestinal toxicity still depends almost exclusively on the data reported by the patients that may be affected by subjective factors and are often impossible to verify. Different laboratory biomarkers have been introduced in the assessment of gastrointestinal toxicity of systemic anticancer agents, including the measurement of intestinal permeability or monitoring of citrulline concentrations, as in the present report [11, [24] [25] [26] . Despite promising results of intestinal permeability, this method is not well suited for routine clinical practice. Citrulline has been proposed as another biomarker of gastrointestinal toxicity of chemotherapy and/or radiation that is much more practical in clinical routine [11, 27, 28] .
In the present case, the administration of the combined regimen was accompanied by a gradual decrease of plasma citrulline that was accompanied by a rise of serum and urinary neopterin concentrations as well as serum CRP. The highest concentrations of inflammatory biomarkers were observed at the end of chemoradiation.
It is well known that chemotherapy induces activation of systemic inflammatory and immune responses [29] [30] [31] . Systemic inflammatory or immune response can be assessed by determining circulating cytokine concentrations, but sometimes marked fluctuations of cytokine concentrations may occur even within a short time frame. Moreover, the investigation of dynamics of immune or inflammatory response is compromised by the need for repeated venepuncture and associated office visits. Neopterin may be determined not only in serum, but also in other body fluids, including urine. The measurement of urinary neopterin for the assessment of systemic immune and inflammatory response presents an advantage as repeated measurements over a prolonged period of time are easily possible.
Neopterin is produced by macrophages from guanosine triphosphate (GTP). Interferon-gamma (IFN-γ) induces GTP cyclohydrolase I that catalyzes the production of neopterin. The concentrations of IFN-γ reflect the systemic immune response, but the production of IFN-γ is enhanced by pro-inflammatory cytokines, e.g. interleukin-1 or interleukin-6 that, consequently, also enhance neopterin production. Neopterin concentrations are therefore thought to reflect both systemic immune and inflammatory responses [32] . Serum or urinary neopterin can be used as a biomarker of systemic immune and inflammatory responses in a wide range of disorders including malignancies, viral infections, transplant rejection, advanced age or atherosclerosis and its complications [32] [33] [34] [35] [36] [37] [38] [39] [40] . Neopterin is stable in refrigerated samples for up to 2 weeks, and samples for repeat assessment may be collected and stored by the patient between regular office visits with the need for repeated puncture circumvented. It has been demonstrated that urinary neopterin concentrations in cancer patients are stable in the absence of complications [41] . A rise of neopterin concentrations when followed daily in patients after organ transplantation represents an early biomarker of acute complications [32] . Similarly, it has been reported in cancer patients undergoing daily monitoring of urinary neopterin concentrations that increased concentrations preceded complications while a decrease indicated tumor control [41] . In patients with advanced cancer increased neopterin concentrations have been associated with immune dysfunction [42] [43] [44] [45] .
Surprisingly, the literature on neopterin as a biomarker of systemic immune and inflammatory responses in patients with breast cancer is relatively limited. Increased urinary neopterin concentrations were reported in <20% of breast cancer patients [40, 46] . Neopterin concentrations correlated with tumor grade and the presence of advanced disease [40, 46] , and increased neopterin was indicative of poor prognosis in both univariate and multivariate analyses [46] . In another report, slightly elevated serum neopterin concentrations were observed in breast cancer survivors with chronic fatigue [47] . A rise of neopterin concentrations has been documented in breast cancer patients treated with doxorubicin/paclitaxel combination chemotherapy [48] .
Another biomarker of the activation of the immune system is kynurenine and kynurenine/tryptophan ratio. The increase in the kynurenine/tryptophan ratio in the present case accompanied the rise in neopterin concentrations. Although tryptophan depletion inhibits tumor growth and kynurenine [49] , at high concentrations, and has some direct antitumor activity [50] , it is now generally accepted that the increased kynurenine concentration and tryptophan depletion are immunosuppressive in cancer patients [51] .
Cancer pathogenesis and the administration of anticancer treatment are associated with oxidative stress [52] [53] [54] . Moreover, antioxidant balance is thought to be disturbed in association with the toxicity of anticancer therapy. α-Tocopherol is the major antioxidant in the serum [55] . Perturbations of the oxidant-antioxidant equilibrium including α-tocopherol were shown to be associated with the toxicity of radiotherapy [56, 57] or chemotherapy [58] . In prior reports, a decrease of serum α-tocopherol concentrations has been noted during the administration of systemic chemotherapy [52, 53, 59, 60] . A decrease of serum retinol concentrations has also been reported in patients with advanced tumors, and the decline of α-tocopherol and retinol concentrations in cancer patients correlated with biomarkers of systemic inflammatory response like CRP [61, 62] . In the present case, serial serum retinol concentrations were inversely associated with changes in serum or urinary neopterin or CRP concentrations, similar to an earlier report [63] while no marked trend was observed for α-tocopherol and 25-hydroxy vitamin D3.
The increase in the biomarkers of systemic immune and inflammatory response was accompanied by lymphopenia that was reflected in the high neutrophil-tolymphocyte ratio, platelet-to-lymphocyte ratio or systemic inflammatory index and low lymphocyte-to-monocyte ratio. The rise of platelet-to-lymphocyte ratio was delayed because of the toxicity of carboplatin administered during the initial phase of the treatment.
In conclusion, the present case report demonstrates a successful combination of two neoadjuvant regimens in a patient with two synchronous different second primary tumors. Data from this case also illustrate the use of biomarkers for monitoring intensive therapeutic regimens in medical and radiation oncology.
